UNITED STATES 

NAVAL POSTGRADUATE SCHOOL 




T924 



THESIS 

THE EXCITATION OF HELIUM BY HIGH ENERGY 
PROTON BOMBARDMENT AT VARIOUS PRESSURES 

by 

Bernard John Tullington, Jr . 



June 1968 







^go^TlrnmSIEr 
on ty^wlth 

W ii. Wl' "W9tTg r adu ate Scho«i? 



\. 4 ‘. 



•: SGHOOE 

. . to 



THE EXCITATION OF HELIUM 
BY HIGH ENERGY PROTON BOMBARDMENT 
AT VARIOUS PRESSURES 



by 



Bernard John Tullington, Jr, 
Major, United States Army 
B.S., Military Academy, 1957 



Submitted in partial fulfillment of the 
requirements for the degree of 

MASTER OF SCIENCE IN PHYSICS 

from the 



NAVAL POSTGRADUATE SCHOOL 
June 1968 



RRV 






/ 



ABSTRACT 

The intensities of several helium spectral lines are analyzed 
for their dependence on pressure. Neutral helium was bombarded by 
protons, accelerated in a Van de Graaff generator to energies of 
1.6 MeV before they passed through an aluminum foil window into the 
collision chamber. Eight helium emission lines and one nitrogen 
line (impurity) were detected by photographic analysis of the 
collision spectrum at various pressures. Relative intensities of 
five of the helium emission lines were measured with photoelectric 
apparatus at pressures from 10 550 Torr . Lines of 6678^, 728lX, 

706 5X and 5876X show a similiar, but not exact, functional depend- 
ence on pressure. The 3889X line appears to have a quite different 
pressure dependence that may possibly be due to the nitorgen im- 
purity. Suggested experimental improvements are discussed. 
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INTRODUCTION 



I • 

The processes by which excited states of helium are formed 
by ion-atom impact have been the subject of an increasing number 
of stuciies. These studies have progressively extended the pro- 
jectile energy range from earlier investigations of less than 
200 keV to I MeV . While these investigations are of fundamental 
imj)or tc'ince in determining excitation cross sections and are valu- 
<v[de in vc^ri lying theoretical predictions at high energies, they 
are based primarily on the simplifying assumption of the single 
h i t cond i t i on • 

The* single hit condition assumes an excitation cross section 
i nde{)end(.^n t of p)rc‘ssurc^ and thus demands a very low target particle 
density. Th(' normal expe^r i men t<i 1 procedure (under this assumption) 
is to have th(‘ colli->ion l<ike place in ca differentially pumped 

” 5 

chamber under pirc'ssures in the region of 10 or 10 Torr . 

Emission cross sc^ctions (or apparent cross sections as they are 
sometimes calleci) ai then measured over a limited pressure range. 
If the emission cross sc^ction is found not to be dependent on 
pressure, the single hit condition is assumed to be satisfied. If 
a pressure dependence is noted, as is often the case, the procedure 
has been either to operate in so called regions of non -dependence 
or to extrapolate the emission cross section to zero pressure and 
use that value. 

The next step in better understanding the excitation process 
is obvious. If the single hit condition is not satisfied, what are 
the processes leading to the formation of the excited states of 
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helium? A starting point in answering this question is an under- 
standing of the pressure dependence, if any, of the emission cross 
sections. Five helium spectral lines are observed as a function 
of pressure representing both para (singlet) and ortho (triplet) 
tr ans it ions . 
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II, BACKGROUND 



Neutral Helium may be excited by proton bombardment by direct 
exci tat ion ; 

+ He = ^ He(n, 1) 

or by charge transfer; 

11^ + He * H + He'^(n,l) 

or by simultaneous ionization and excitation; 

H^ He ^ H^ ^ He^(n,l) -f- 

Once excited, He(n,l) may fall to a metastable state or 
ground st.ite by radi.itivc' decay, or it may be de-excited by 
collision<il liansfc'r. 

The rate of change of the population density of any state i 
may be written : 



dN . 
1 

dt 



n V N'' 



^ K- 

k>i ki 



S A N + C (n,N,V) (1) 

j 1 IJ 1 1 



The first term on the right expresses the rate of collisional 

population in terms of projectile density (n), projectile velocity 

(v), tc\rget density N and the excitation cross section cr ^ , The 

t h 

second term provides for population of the i state by cascade 
from all states k higher than i, in terms of the transition proba- 
bility A, . and the population density of state k, { N, ) . The third 

K. 1 K 

term is a measure of the rate at which state i is depopulated by 
radiative decay from state i to all states j lower than i, also in 
terms of transition probability A^^. and state density N^. The last 
term of equation (1) represents secondary processes such as colli- 
sional depopulation J collisional transfer and population by absorp- 

3 

tion of resonance photons, Gabriel and Heddle have developed a 
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technique for determining the value of this function under single 
hit conditions by a method of simultaneous solutions. For brevity 
it is shown here simply as a possible function of n, v, and N. 

For steady state conditions, 

dN. 

1 



Equation 1 



a . 

1 



can be solved for o, and is 



1 



1 

nvN 



^ A. .N. 

j<i 13 1 



- A 
k>i 



ki\ 



C^(n,v,N) 



( 2 ) 



The normal 
emission cross 
sec/ cm of beam 



development which 
section in terms of 



path, J . . , as 
1 J 



J. . 

a. . = , 

ij NT ’ 



follows is 
the number 



to define an 
of photons emitted/ 



(3) 



where N is the number density of the target, I = nv A, the number 
of incident projectiles per second, A the beam cross sectional 
area, and J. . = A. .N.A. 

ij ij 1 

Equation 3 is now 



o . . 

13 




Nnv 



( 4 ) 



the cross sectional area cancelling out. 

Making the appropriate substitution, equation (2) now becomes 



a, ,+c’, 

1 j< i 1 3 k> i ^ 1 



(5) 



where C’ = C( n , v , N ) /nvN . 
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For some specific stc'Ate 1 (lower than i), the i;. tensity of the 
emission i —> 1 transition may be related to the total photon emission 
\>y all downwar rl transitions by 



1 1 1 1 

^ J. . ^ A. . 

j • I ' j j- ' i ' j 



( 6 ) 



Rfd<iting equation^ (3) and (6) and substituting where appro-* 
jjr late into ecjuat i f jn ( ;) yitdds; 



J 




i" 1 



A. . - ^ 

U k> I 



ki 



km A 



km 



+ C» . 



( 7 ) 



rh(‘ -c*c(ni(l t c ‘1 m on tht> rjght is the cascade correction and 

* ■ wr itlen in term ol t h(" late m to show all emission functions 

into i nc'ecl rjot bo rm' \ ur(*cl. Any emission out of stcite m can be 

rt'laU^d to t total (‘mission through the ratio of transition proba- 

b i 1 i t 1 ('s . This i i oi i un.i 1 1 ' , a>^ the transition pr oba bil i t ies for 

lie) ium «ire wed 1 known and heivt* been tabulated by the Bureau of 
1 O 

Standards 



It is nt)\v obvMous t hei t knowing for only a few transitions 

will 1 e'ad to the de t ei m i na t i on of the excitation cross section c., 

I 

providing C Cci n neglected. 

The p)hot oe I ec tr ic apparatus will accept photons through a 
sc^Iid angled and will deliver a signal S.. by the relationship 



J. . 




S . . 

._12 



L K(X ) 



( 8 ) 



Whole I. IS the beam length and K (X ) is a dimensionless factor which 
takes into account the systems detection sensitivity and losses due 
to refraction and reflection at optical surfaces. 
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Is f ? n is tJt ' ■ I. iti$. (.1 U rif -a *>ur i rig 1 I'if signal from a standard 

lilainent lam}!' t ht" same opt j . .h 1 condjtions the collision is 

observed. For the waveJength under consideration. 



- K (?V ) 1 -^ dw l,U; ; ( 9 ) 

where lu i ^ he emissive pv wet ef the lamp at the wavelength of 
A. 

interest, the inverse dispersion of the spectrometer (^/mm), 
d the spec t r ex exit s[il vv i d t, li arid ia.^]. the area viexved by the 
optical system o may be determined from the filament temperature 

which may be measured by/ a pyrometer if this information is not 
furnished by the manuf ar tn.r er , 

Solving ( 9 ) for K(X ; and substituting into equation ( 8 ) 
y 1 e i d.^ , 

S- . 

T, . - 4 n -il E D, dw ( 10 ) 

1 j S, -v 



Thus, under single hit conditions, where is not a function 

of N, ^nd C’ can be ignored, the excitation cross section can 
readily be determined by measuring ^ f 



I 1 



S £- L\ a 'A' 

Ur ( 

■ N1 



it s nou i d be 



that nc-ither the solid single or -be 



collision path 1 eng '' 



need be measured under 



cond 1 t ions 



IT I. EXPERIMENTAL PROCEDURES 



From section II, 



if is independent of pressure, equation 



(11) may be wr it ten as 



wher e 



P C” R 






4"^ E. IX dwN kT 



cr . ^ S. V 
1 1 / 



(12) 



R S^j/1 a measure* of the photon emission intensity 
ic'Lilive lo the* ph(Uf)n [jr*am current which is measured by the 
opti(<il a[)pa r ,i t u'- . P, the* target pressure, is rel<ited to the 
taigc‘t (k*n Jty by the* l(k^il geis LiW, PV = N kT . 

A plot oI rnt(*nsjty versus Pressure should result in a 
ticiight line' with ti s 1 oj)e' oi C” , if ' is independent of pressure. 



THE HEbrn^l COLLISION SPECTRUM 
The> pioton be'am wa*- produced by a 2 MeV Van de Graaff 
[)artirle acced e*t <i t oi and mass analyzed by a magnet which beneis 
t he^ beam through an angle of 10^\ A thin aluminum foil, (about 
1 .('» K lU ^ cm) was ust*d to separate:^ the particle drift tube from 
the' ce’)llision chambe'i , The collision chamber was constructed of 
jiyrc'x and litteii with an aluminum feiraday cup to measure the pro* 
ton be^am eurie'nt, A 3*^ cm e]uartz lens, (f = lb . 3 cm) was used 
to focus the' ce'dlision spectrum on the optical apparatus. This 
apparatus is shown schematically in Fig. 1 and photographically 
in Fig, 15 . 

Mid wa\' tween the collision chamber and viewing lens is the 
vacuum manifold (below) and a gas control manifold (above). The 
V’acuum system, consisting of a 2 inch oil diffusion pump, backed 
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up by a ^ tocp pumpo ^ap^ible o.f evacuating the chamber to 

4 X LO Torr. The control manifold provided 5 inlets into the 
collision chamber, (numbered in l)o The ports were used for: 

(1) gas inJet; (2) WaJlace 1 to 50 Tort pressure gauge; 

(3) ion gauge; (4) foie paimp; and (5j a mercury monometer. 

The beam was viewed at 90^^ to the collision chamber by the 
optical appa r a t us , 

To determine the purity of the target gas, the collision beam 
was photographed t>y a large Gaertne? L254 Quarts spectrometer, 
shown schematically in Fig, 2, This spectrometer provides photo- 
graphic coverage from 1 90o)^ to 8000 ^, on photographic plates 
4 X 10 inches 

Numerous unsuccessful attempts were made to obtain a spectro- 
scopically pure helium photograph. These attempts included water 
pumped commercial helium and vapor from liquid helium. These pro- 
cedures led to sp)ec tr ogi aphs of primarily nitrogen and some other 
impurities but no helium lines we^e evident. 

The most satisfactory procedure was to pump the system for 
several houjs, saturate it with research grade helium and i epump 
prior to a run. 

Research grade helium Grated single impurities of 2 parts per 
million of neon by ^ he manufacturer) was used and the tank was 
connected directly throirgh a gas leguiatoi to the inlet manifold: 
Even with this procedure a single Nitrogen line (39l4*S) was still 
evident at pressures abo\'e SO Tor r , 



Phot ogr af)h ^ wcr e tak( > at pressures o/ ;>0 



I 



1 



i jr I , 



^()() Torr, and (>()() Toir wili/ varying results. Beam currents of 
^ to y. . '5 mic, roamp wc-re • cnrimon at an indicated p«irticle energy 
oJ. J.d5 MeV . hxj.jo-.urc lime*, var ied from 1.5 to j hours. In 
g("rj(*ral, it Wri : tj(a <.• ,.iiy t (j increa'-e exposure times at lower 

jjr c-^-. sure- i or - <i t j - i cj c 1 or y r c* aiJ t s , 

It h(M aino 1 j(knl tfi.il (an i - 1 (jn intensity would he the cri- 
tical I a ( 1 ( j 1 . I ra 1 i <i I rig the* I xm m ( u r r en t doe^ i ncr c\i ^ e the 

I n t ens i t y hut ru r i ( rj t ■ o j ; n r <. i oamjjs cind higher r c^su I t in very 

short I j I for tlx ,ilum-iuun windows. 

rhe- |>liot ' jgi apM . I i made on Kodak emu 1^- ion l- \ arxi 1 0 
jd t es . It( t I e ai 1 I w( r i olit.i i ned f r om the F N wh ich is designed 

tor w<i ve I (‘iio t le u|) \^> h'OoX. 

1 he 1 1 I H‘- 1 d( M t j I 1 ( i 1 f i ON the plates ai(- listcxi in fihle F 



al(jng w i t li t lu ii e or i e jicxid i ny t r ci ns i t i on.-^ 


1 ‘ 


ind th('y 


are r^hown 


sc hc*mc( t ) ( a 1 1 y or 1 fic i i ■ c r gy - 1 a t c d lagr un 


i n 


Fig. U 




Tal)Ic> 1. Oh^iivcal Ikdiuin SF'»ectral 


I ines hy 




Photogr ipliM antilysis 








W<* vi‘ I c ny t h 




T I a h - 


i 1 ' on 








y 


5cXXS^e , 




S 


- 5 P 






1 


i 1 


ihoa. : 




^ S 


a P 


-tV’i . ' 




Pp 


^ ^l) 






1 


1 


>11 > >.i ^ 




J s 


^ l '^ 






.J, 




(>() ', .N , 1 > 




1 

4.' P 


- ,jk) 


' 0 () .1 o 




:* p 


5'k 






1 


a 


1 . r 




X P 


3 s 


It tiouLd hc' . dL'l that rncAiiy c:> r the ' 


■pt 


1 c a I l y a 


1 J owed t r an 


-it.ons lell cju t • i dt M.c \'a hi c range 


of 


the opt 


lea I e(|u ipme 







Figure 1* Top view of collision chamber showing the 

relative positions of the drift tube, vacuum 
system and control manifold 




Figure 2. Schematic representation of the Gaertner 
L254 Quartz Spectrometer Optical System 



INTENSITY VS PRESSURE 



The heljum ga was ] et in through a needle valve into the 
thorcjughly f^vacuatiai collision chamber to a pressure of about 
50 Torr. Th(* beam was then acimitted into the chamber. Light 
( r ( 3 rn the* ccjII 1 ion i(*gicnj w/is focused ontc; the entrance slit of 
a meter Jarred A h monoc hr omet c^r . The mcjnochr omc» ter is 

d('Sign(*fl to el(‘cl 1 ight of wavelengths from 1^00^ to 9^^^^ lU^, 
Our* to i ow jnt(-n jt - o , howe-\'c*r , it Was necess«Ary to use wider 
dit^ wli i f h greaily r (>du( cai this resolving p)Owe^r . Thc^ monc^chro- 
mcdcM wa , manually (t to pa-s the desired wavelength to <i dry-ice- 
( f)o 1 ( •(! PM M d - 1 pl)o t (jmu 1 t i p 1 1 (‘i a ssembl y . A 7 I U2 phot omu Itiplier 
tufa* wa^ u^<h 1 and oporatcai <i t 1 ^ 5U volts (negative). The output 
( u I i en 1 1 1 om t lu‘ [ ho t f ;inii 1 1 1 p 1 i er went to a cur r en t integr<itor 
when c' the total (h.treu* tollcctc'd was recorded. The entire op)tical 
isse'mbly Wri s then c(jva rc>(i with a black clcjth to reduce the remount 
of stiriv liqht while the ch«tmber was again evacu<ited. With the 
c'ntiruuc' sill eovaned, the beam was again turned on <ind the beam 
( UT 1 ent mteaji atoi w«e > a I 1 (jwchI to accumuLite 1 50() microcoulombs, 
riu* time' 1 c' ]u 1 I etl i 01 th'^ collection cend the total chrirge ca^l 
1 (*( ted l)v t h(' phot omu L t i j) 1 1 intc^grator were recorcied. Figure 4 
shows ci stheiTiritii 1 e[>i t i i on of the p>hot oel ec t r i ca 1 set -up . 

Figures lo, and 1 ' a 1 (' phot ogr a{:>hs of the apparatus. 

The c*hai ge thus collected divided by time was taken to bc-> thc' 
dark eui 1 cuit . This value multiplied by the time for subsequent 
rc'adings was subtiricted f 1 om the photomultiplier output. 

The initial data were taken with the diffusion pump engaged 

% 

and thc' entrance slit exposed. This was considered to be the ^ero 
})rc'ssure leadings. [he l)ivim was turned on from the control console, 
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O I I 



Figure 3. Energy-states diagram for photographically 

detected He spectrum lines by bombardment 
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Imq, r/)* Thi'^ autom«i t i cally activated the t imei , beam cur- 
rent integrator cind photomultiplier current integrator. At e<ich 
sf»ic(ied pre‘Ssut(' the helium pressure, time, photomultiplier cou- 
lomb coll(>ction and beam ( ouJ omb collection were recorded. Pres- 
surc> intervrils ol 1 or Torr were initially selected up to 50 Torr, 
lh(‘n va r I f;us r Dn ven i (»n t intervrils were selected up to a m.iximum 
pr(»ssur(* (jf 700 Torr. It was found that the intensity behavior 
rern<iined constrinl al t(*r about or 5dO Torr. Subsequent runs 

were made at l(^s^ irr^quent intervals to reduce the effect of the 
changing dark cur rent. M was observc^l that the dccrk current would 
rcMUain (‘sa'ntialiy constant ovc'r a time span of about 2 hours, 

Aftc*r that, \ hi clirk currcmt i ose rapidly <md could no longer be 
assumed constant. Pefiacking t hc^ photomultiplier assembly with dry 
ICC' did not a 1 t c'l this plic'nomenon . Cooling by licjuid nitrogen 
vapor <i I so j)i oved to be ui- sucres sfu 1 in prolonging the effective 
time' 1 oi <i c'crnstant da ik curre^nt. 

From the' data collc'CtcMl as described above, the transition 
intensity w/is c'om{)utc'(l a*- ; 

P - (Ph LX' X t )/B; (15) 

where' Ph - c h<ii ge c'ollc'cted vi^i P.M. assembly, fX' - dark current, 
t - time, and H ' charge collected by the beam integrator. 

Five 1 inc^s observed i)y the photographic analysis were measured 
by this techni(]ue. It was impossible to study 3 of the lines due 
to the' low i n t t'ns i t i e^s inv’olved. it w^as even necessary to use^ wider 
si its th<in those' provided in the monochrometer to study the five 
1 i ru's o The' monochrometer has standard slits of .1 mm. The slits 
us e'd wer e abou t . ^ mm w i dc> . 
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P M. POWER 

integrator ^ I 5UPPLY 






Figure 4 . 



Schematic of optical apparatus for 
vs. pressure measurements 



intensity 
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KhSUI TS AND CONCLUSIONS 



I i1 j - a (Je-)Ci i bed above were measured vs pressure for 

the lines; bb78/\ { P - s^D) and 728l^ (2^F - 3^S), and 

Uic trjplcl ] iru's; ''s - 5^76^ ( 2^P - 3^D) and 

7Db >A f d j\), A plot o( intensity vs pressure for these lines 

l shewn I rj liy-. ), b^ 7^ H arui 9 respectively. 

The t i a n 1 1 i (jrj intensities cippe^ir to h<ive a similar 

1 uru t ) onM I di'pendt fa ( on prtssuie that rapidly increases up to 
«ibout IDO lor r where t h(»y unclei go a levelling off eflect. This 
,s loIlf)W((i by a eonlinuou-^ ge^neial rise in inten'-ity to the 
m.iximum pic--*ane^ indicated. 

T h(' t r ] I ) 1 t i ,u»- I t r orj- how no such functional simil ar i t y 
('X(e[)t I el the (M.'i 1 I ij(' wh ch i similar to the d singlet lines 
mentioiuai aIx)Vc‘. I he 0() i I 1 ru^ also rises rapidly during the first 
M)0 j(iii ()1 pi<- The line h<i s a slight sigmoid<rl tenci- 

tuH y which ^ugge-l > 7 mlJuc*ncing factors are possibly responsible 
loi Its [)etuli<ir lu’havKii. The 387b line indicates a very rapid 
i ise ill intiMisilv, i(*athing its near maximum at about 7 5 Torr and 
t lit 'll a d 1 g ht u i a I i i - e v\ i 1 h pr essu i e similar to the other 1 ine^ . 

It 1 obvious 1 1 <;m t Ju'^.e curves th<it there is, indeed, a 
luiulional (li'pi>i idc‘ )ca' oj t hv* (^mission cross sectit)ns on pres^^ure 
wh i c'h i^ to l>e expeelvMi. The single hit condition is hardly ex- 
pen' teal to IioLd at t hi'-^e high pressuies, 

I I om ecjua t 1 on ‘ , 



1 1 



A 

L - 

l^> j k ni A 



k 1 
km 



C'(N) 



Di 

j X O 



I Oi 



J 1 



jw -1 wn only cii .1 function of N. 



Ir experiment the 



t ' is 



velocity and projectile density were held relatively constant. 

In fact, for a given emission i— >1, all of the terms are constant 
except C*(N), and equation ( l4) may be written as; 



o-_ = A - C»(N) X 
1 1 



^il 



S A. . 

ri 



(15) 



Equation (12) may be written as; 






(16) 



A and D in equation (15) and (l6) are constants. 
C’(N) C*(P). Equating (15) to (l6) yields, 

R ^il 

D(^) ^ A - C'(P) X 



Since N P , 



^ A. . • 
j i 



(17) 



Substituting from equation (6) and multiplying both sides 
by P/R yields: 



D - Ax(|) - C'(P) X y — X (|) 

> i^ ij 



(18) 



From equation (10), j ^ ^ R - S.^/l, where 1 in thi 

'll il' il 

experiment is held constant. For any given emission, T, J. , will 

j i 

either be a constant or ,i function of pressure. V, Equation (l8) 
can now be written as. 



0 - A(-) / (P) X E, or 



- = J (P) X + D» , 



(19) 



where j (P) is some unknown function oi pressure, and E* and D’ 
ate c ons t a n t s a bs or bine ~ ^ 



The same flata shown in Figs. 5, 6, 7, 8, «ind 9> were used to 

plot P/R vs P. quantity of interest, is singly de- 

pendent on pre-^-ure, P/'R vs. P should plot as a straight line from 
e(ju<itions (15) and (J9j. 

F i (jur (^s 10, 11, ] 2 , 1 j , and 1 4 show the r esul ts of this 

ma n 1 ]m 1 a l i ori . 

The* two jfiyl('l lin(-s, o(>78/^ and 728l^, again show a similar 
funclifjna] dcp(Mjd( TH . Although the sharp ri‘^e noted earlier has 
Ijec^n smoc^thetl emt, i -.till c* slight bow in the curve. 

The tiiplet ljr)i-s show a slight uniformity. The 7065 line 

ha", an rijipaicnt curv( u\) to about 4o Torr after which it is 

(*ssc‘n I la 1 I y 1 i ni-a i . (oraersedy, the 5^76 line is linear up to 
about l')t> Foil, ,i 1 1 t j which it exhibits a slightly deer eri sing 
( ui ve with Mait a'-ing pic‘ surc^. The 5889 line shows a very 
pec'uli.\r Juncticnia] r id a I i on-, h i [) . The app^irently sudden drop in 
intcMisity abc^vc^ >0 I or 1 m<i> po-^.ibly be explained by the nitrogen 
impurity commented on earlier in Section 111. The nitrogen line 
(d9i4X) 1 N^. Ihi' energy ie(]uired to ioni^'e is l4.5 eV , This 

cidded to d.l e\ 1 dsOO i9 1 dX is 17. b eV , which is roughly equal 
to th».' 2^S meta"tabl( t a t e energy of helium (about 19*7 eV , from 
Fig. T). It i piopos^'d that as the density of helium atoms in 
the metcistable .‘Xs -tate imieases, more are available to transfer 
their energy to the relatively few nitrogen atoms in the collision 
chamber. This hypc^thesis is also indicated by the apparent rise 
in intensity ol the nitrogen line on the photographic plates. No 
intensity vs pressure measurements were made of the nitrogen line. 
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Theie appeals to t)o no .-ric: r "i 1 1 ur ■- Lion^-i dependence 

oiT eifijssion cioss sectif>n on pie^'surf.'. HO'A^evei' , similarities do 
exist in sc^ver^^] oJ tiu' which hints that a general relation- 

ship may ex i ^ t . 

The only lin(' very di - wa. the >889^ Line which is hypo- 

thesj^'ed as being cau^^ed by an excitation transfer to the nitrogen 
i mpui i t y « 

I mpr ovenien 1 - in the experimental technique may present a more 
accurate* indi<alion ol thi^ dependence. It was pointed out earlier 
that three of the lines visible by photographic methods were of 
too low intensity to be studied as a function of pressure. This 
-^tudy net'cib to be done. 

A- this papt'X IS being written, steps are being taken to modify 
the opt ical appai<^tus which may render this analysts feasible. A 
mechanical choppei is to h^e employed in conjunction with a lock-in 
f r ecjucnt y amp I i f 1 or . I he s ignal fi om the pbotomul t ipl ler tube wi 1 1 
then bo a I t ei na t mg current. This will greatl3^ decrease the effect 
i)i tfi>' dark current, (d.< . ) an<l, M i hoped, ivi 1 1 result in per- 
mitting analysis ot Imc''- ol very weak intensity. This inciea-ed 
efif*rt \ \fn iiilensjty -hMuld also pfumit the use of the it'gubo mor'^o 
clirometf'r _> I i t s which w\\ { rt*^ult in higher wa\ el iqt b resolution. 

Absolute rneasuitmet t hrwe not been c^ttempted ui this paper, 
a (uilv relat i ve \/alue^ w«n e lequited to obtain lie general picture 
of the pre‘-sure riependence* . This experiment Wc\s carried out at 



incii Ceiled prolon energies in the region of l.b MeV .10 MeV. 
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The actual cc> 1 1 i s i orjei i energy of the protons will 
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Figure 5 * Intensity vs Pressure. 6678^ ( 2 ^P - 3 ^D) 
+ 

H on Helium. 
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on Helium. 
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Intensity vs Pressure. 3889X (2^S 
H on Helium. 
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Figure 8. Intensity vs Pressure. 5876^ (2^P 

4 - 

H on Helium. 



3^D) . 



29 






xxocx 



Intensity in 
arbitrary unit 



X 



X 



X 



X 



1 



XXX 




o 



s 



l£)il 



Pressure in Torr 

3ik! kna 



Figure 9 - Intensity vs Pressure. 7065S ( 2 ^P - 3 ^S), 
H on Helium. 
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Figure 10. 



Pressure/Intensity vs Pressure. 6678 K 
(2^P - 3^D). on Helium. 
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Pr essur e/Intensity vs Pressure. 728 lS 
( 2 ^P - 3 ^S). on Helium. 
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Figure 12, Pressure/lntensity vs Pressure. 7065 S 
(2^P - 3^S) . h"^ on Helium. 
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Pressure/Intensity vs Pressure. 5876K 
( 2 ^P - 3 ^D). on Helium, 
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Figure l 4 . 



Pressure/Intensity vs Pressure. 3889S 
( 2 ^S - 3 ^P). h’^ on Helium. 
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Figure 15 . Drift tube, collision chamber and control manifold. 
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Figure l6. 



Optical equipment in position. 
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Figure 17* Control console and measuring devices. 
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